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?????pLSA (probabilistic Latent Semantic Analysis)?LDA (Latent Dirich-
let Allocation) ??????????????????????????????
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????????????????? [7, 8]?????????????????
?????????????????????????????????????
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1.1. ???? ? 1 ? ??
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? 1.1: ??????????
??????????????????????????????? [11, 12, 13]?
?????????????????????????????????????
?????????????????????????????????????
?????????? [11] ????????????????????????
?? [13]????????????????? (???????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????
??????????????????????????????????Jianxin
Wu???????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
????????????????????
????????????????????????????????????
?????????????????????????????????????
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1.1. ???? ? 1 ? ??
????????? 1.1??????????????????????????
??\???"??????? \???????"????????? 2?????
?????????????????????????????????????
????? \??"????????????????????????????
?????????????????????????????????????
??????????????????????????\??????"???
??????????????\??????"?????\??????"???
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????? \???????"??????????
?????????? \??"????????????????\??????"
?????????????????????????????????????
?????????????????????????????????????
?????????
??????????????????????????????LDA?multi-
layered Multimodal LDA: mMLDA???????mMLDA??????????
?????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??????????? LDA (MLDA) ??????????????????
????????????????????????????????????
MLDA????????????????MLDA?????MLDA?????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
???????????????MLDA??????????????????
?????????????????????????????????????
??????????????????????mMLDA??????????
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1.2. ???? ? 1 ? ??
??mMLDA??????????????????? 2???????????
??????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
??mMLDA?????????????????????[8]????????
?????????Bag of Words (BoW) ??????????????????
?????????????????????MLDA????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????
1.2 ????
????????????????????????????????????
???? [1]-[6]??????????????????????????????
? [11]-[13]????????????????????????????????
?????????????????????????????????????
??? (???????????) ?????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????
????????Parametric Bias????Recurrent Neural Network?RNNPB?
?????????????????????????????????????
?????? [14]?????????????????????????????
?????????????????????????????????????
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1.2. ???? ? 1 ? ??
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??RNNPB???????????????????????????????
?????????????????????????????????????
?????????????????[14] ??????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????RNNPB??????????????????
?????????? [14] ???5?????????????????????
?????????????????????????????????????
???
????? [15, 16] ???????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????
????????????????human-object interaction (HOI) ?????
???????? [17, 18] ?????????????????????????
?????????????????????????????????????
????????????????????HOI???????????????
?????????????????????????????????????
?????????????????????????????????????
??????
5
1.3. ?????? ? 1 ? ??
1.3 ??????
?????????????????????? 2?????????????
3????????????? 4??????????????????????
? 5???????????
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? 2 ?
??
2.1 DSIFT
DSIFT(Dense Scale Invariant Feature Transform)?????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????
f0; : : : ;W ¡ 1g 3 Tx +m¾xi = Tx +m¾i¡ Nx ¡ 1
2
= ¹Tx +m¾i; (i = 0; : : : ; Nx ¡ 1) (2.1)
?????????????????????? (2.1)?????T ??????
?? ¹T ?????????????????????????????? (2.1)?
?????24 0
0
35 · ¹T =
24 ¹Tminx + p¢x
¹Tminy + q¢y
35 ·
24 W ¡ 1¡m¾Nx
H ¡ 1¡m¾Ny
35 ; ¹T =
24 Tx ¡ Nx¡12
Ty ¡ Ny¡12
35(2.2)
?????????????????? ¹T ?????????????????
??? 2.1????????? T ??????????????????????
?????????????????????????????????????
?????????????????????????????
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2.1. DSIFT ? 2 ? ??
? 2.1: DSIFT?????
?????????????????????????? 4? 4???????
???SIFT????????????????????
x = m¾x^+ T (2.3)
h(t; i; j) =
m¾
R
g¾sin(x¡ T )!ang(6 J(x)¡ µt)!(x¡Txm¾ ¡ x^i)!(y¡Tm¾ ¡ y^i) jJ(x)jdx (2.4)
?????????????????????????????????????
???????????????
T 0 = T +m¾
24 xi
yi
35 (2.5)
h(t; i; j) =
m¾
R
g¾sin(T
0 ¡ x¡ xij)!ang(6 J(x)¡ µt)!(T 0x¡xm¾ !(
T 0y¡y
m¾
) jJ(x)jdx (2.6)
????
ki(x) =
1p
2¼¾win
exp(¡1
2
(x¡ xi)2
¾win2
)!(
x
m¾
) (2.7)
kj(y) =
1p
2¼¾win
exp(¡1
2
(y ¡ yj)2
¾win2
)!(
y
m¾
) (2.8)
?????? (2.6)?
¹Jt(x) = !ang(6 J(x)¡ µt) jJ(x)j (2.9)
h (t; i; j) =
¡
kikj ¤ ¹Jt
¢0@T +m¾
24 xi
yi
351A (2.10)
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2.2. MFCC ? 2 ? ??
???????? (2.10)????????????????????? 128???
???????????????
2.2 MFCC
MFCC(Mel-Frequency Cepstrum Coe±cient)???????????????
?????????????????????????????????????
?????
?????????????ms?????????????????????
?????????????????????????????????????
?????? s(n)???N????????????????????? sw(m; l)
??????
sw(m; l) =
N¡1X
m=0
w(m)s(l +m) (l = 0; T; 2T : : : ) (2.11)
??????? l????????????????????????l???
?? T ????????????????????N ??????? sw(n)(n =
0; : : : ; N ¡ T )??? T ???????????????????????N ??
?????T ???????????????????????????w(n)??
???????? (? (2.12))?????? (? (2.13))?????????????
w(n) = 0:54¡ 0:46cos( 2n¼
N ¡ 1) (n = 0; : : : ; N ¡ 2) (2.12)
w(n) = 0:5¡ 0:5cos( 2n¼
N ¡ 1) (n = 0; : : : ; N ¡ 2) (2.13)
????????????????????????????????????
?????????? (DTFT)????????????
S(ej!) =
N¡1X
n=0
sw(n)e
¡j!n (2.14)
???????????????????? (DFT)??????????FFT
?????????????????????????????????????
??
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2.2. MFCC ? 2 ? ??
? 2.2: ???????
S 0(k) = S(ej
2¼
N
k) =
N¡1X
n=0
sw(n)e
¡j 2¼
N
kn (k = 0; : : : ; N ¡ 1) (2.15)
?????? S 0(k)????????????????????????????
?????????????????????? sw(n)????????? sw(n)
????????
Re[S 0 f(¡k)modNg] = Re[S 0(k)] (2.16)
Im[S 0 f(¡k)modNg] = Im[S 0(k)] (2.17)
???????????????????????????N=2 + 1?????
?????????????????????????????????????
???????????????????????????? 2????????
?????????????????????????????????????
?????????????
jS 0(k)j2 = ReS 0(k)2 + ImS 0(k)2 (2.18)
?????????????????????????????????????
?????????? 2.2????
MFCC????????????L????????????????????
???? (? 2.3)?????????????????????????????
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2.3. Latent Dirichlet Allocation ? 2 ? ??
? 2.3: MFCC??????????
??????????????????? jS 0(k)j????????????
m(l) =
hiX
k=lo
W (k; l)jS 0(k)j (l = 1; : : : ; L) (2.19)
W (k : l) =
8><>:
k¡klo(l)
kc(l)¡klo(l) klo · k · kc(l)
khi(l)¡k
khi(l)¡kc(l) kc · k · khi(l)
(2.20)
????klo(l)?kc(l)?khi(l)?????? l????????????????
????????????????????????????
kc(l) = khi(l ¡ 1) = klo(l + 1) (2.21)
????????????kc(l)??????????????????????
???
Mel(f) = 2595 log
µ
1 +
f
700
¶
(2.22)
???????????? f ???? [Hz]????
?????????????????????L??????????????
????????????MFCC???????
cmfcc(i) =
r
2
N
LX
l=1
logm(l) cos
½µ
l ¡ 1
2
¶
i¼
L
¾
(2.23)
2.3 Latent Dirichlet Allocation
LDA (Latent Dirichlet Allocation) ????????????????????
????????????????????????? 2.4??????????
11
2.3. Latent Dirichlet Allocation ? 2 ? ??
? d????? (????)z???????????®????????????
µ???????????????W ?????????????? ¯????
???????? Á???????????????????
? 2.4: LDA??????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
?? LDA??????????????? V = fv1; : : : ; vMg???i????
?? l??? vj???????????????wil = vj???????????
?????i??????????????wi????????????????
???????????W = fw1; : : : ;wNg?????????????????
???????????? T = ft1; : : : ; tKg???i?????? l??????
???? tk??????????????zil = tk?????????????i
?????????????????????? zi?????????????
??????????????Z = fz1; : : : ; zNg????????????
????i????????????????? tk??????????? µik?
???? tk?????????????wj???????????? Ákj???
????????????????????? µik?Ákj ???????????
i = 1; : : : ; N????
PK
k=1 µik = 1????? k = 1; : : : ; K????
PM
j=1 Ákj = 1
???????????LDA????????????????? (?????
???? ® = (®1; : : : ; ®K))????????????????????????
????????????????? µ???????????? (??????
??? ¯ = (¯1; : : : ; ¯M))?????????????????????????
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2.4. Gibbs Sampling ? 2 ? ??
??????????????????????????Á??????????
???????????
????????? LDA??????????????? Gibbs Sampling?
????????
2.4 Gibbs Sampling
Gibbs Sampling????????????????????????????
?????????????????????????????????????
??????????
2.3????? LDA???? Gibbs Sampling???????????????
?????????????????
P (w; z; µ; Áj®; ¯) = P (Áj¯)
NY
i=1
P (µij®)P (zijµi)P (wijzi; Á)
=
(
KY
k=1
¡ (W¯j)Q
j ¡ (¯j)
MY
j=1
Á
¯j¡1
kj
)
¢
NY
i=1
"½
¡ (T®k)Q
k ¡ (®k)
µ®k¡1ik
¾ KY
k=1
MY
j=1
(µjkÁkj)
Nijk
#
(2.24)
Nijk??i???????????? vj?????????????? tk????
???????W ????????T ???????????????
????Nik? i??????????? tk??????????????Njk
??????????? vj??????????????? tk????????
????????????????? (2.24)?
P (w; z; µ; Áj®; ¯) =
NY
i=1
¡ (T®k)Q
k ¡ (®k)
µNik+®k¡1ik
KY
k=1
¡ (W¯j)Q
j ¡ (¯j)
MY
j=1
Á
Njk+¯j¡1
kj (2.25)
????????????? (2.25)???????????????????
P (w; z; µ; Áj®; ¯) =(
NY
i=1
¡ (T®k)Q
k ¡ (®k)
µNik+®k¡1ik
)(
KY
k=1
¡ (W¯j)Q
j ¡ (¯j)
MY
j=1
Á
Njk+¯j¡1
kj
)
(2.26)
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2.4. Gibbs Sampling ? 2 ? ??
????
???????????µ?Á???????
P (w; zj®; ¯) =
Z
P (w; z; µ; Áj®; ¯) dµdÁ
=
Z NY
i=1
¡ (T®k)Q
k ¡ (®k)
KY
k=1
µNik+®k¡1ik dµ
¢
Z KY
k=1
¡ (W¯j)Q
j ¡ (¯j)
MY
j=1
Á
Njk+¯j¡1
kj dÁ
=
NY
i=1
½
¡ (T®k)Q
k ¡ (®k)
¢
Q
k (¡ (Nik) + ®k)
¡ (Ni¢ + T®k)
¾
¢
KY
k=1
(
¡ (W¯j)Q
j ¡ (¯j)
¢
Q
j (¡ (Njk) + ¯j)
¡ (N¢k +W¯j)
)
(2.27)
????
?????? i???????0?????????????????????
?????????????? tk???????????????wj?????
??????P (zi0 = tk; wi0 = vjjw; z; ®; ¯)?????????????????
??????
P (zi0 = tk; wi0 = vjjw; z; ®; ¯)
=
Z
P (zi0 = tk; wi0 = vjjµ; Á)P (µ; Ájw; z; ®; ¯) dµdÁ
=
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á)P (µ; Ájw; z; ®; ¯) dµdÁ
=
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á) P (w; z; µ; Áj®; ¯)
P (w; zj®; ¯) dµdÁ
=
1
P (w; zj®; ¯)
Z
P (zi0 = tkjµ)P (wi0 = vjjzi0 = tk; Á)P (w; z; µ; Áj®; ¯) dµdÁ
(2.28)
? (2.28)?????P (zi0 = tkjµ)??? P (wi0 = vjjzi0 = tk; Á)????????
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2.4. Gibbs Sampling ? 2 ? ??
????????????? µik?Ákj???????????? (2.28)?
P (zi0 = tk; wi0 = vjjw; z; ®; ¯)
=
1
P (w; zj®; ¯)
Z
µikÁkj
(
NY
i0=1
¡ (T®k)Q
k0 ¡ (®k0)
KY
k0=1
µ
Ni0k0+®k0¡1
ik0
)
¢
(
KY
k0=1
¡ (W¯j)Q
j0 ¡ (¯j0)
MY
j0=1
Á
Nj0k0+¯j0¡1
kj0
)
dµdÁ
=
1
P (w; zj®; ¯)
Z
µik
(
NY
i0=1
¡ (T®k)Q
k0 ¡ (®k0)
KY
k0=1
µ
Ni0k0+®k0¡1
ik0
)
dµ
¢
Z
Ákj
(
KY
k0=1
¡ (W¯j)Q
j0 ¡ (¯j0)
MY
j0=1
Á
Nj0k0+¯j0¡1
kj0
)
dÁ
=
Q
i0
n
¡(T®k)Q
k0 ¡(®k0 )
¢
Q
k0 ¡(Ni0k0+®k0+¢(i
0=i^k0=k))
¡(Ni0¢+T®k+¢(i0=i))
o
Q
i0
n
¡(T®k)Q
k0 ¡(®k0 )
¢
Q
k0 ¡(Ni0k0+®k0 )
¡(Ni0¢+T®k)
o
¢
Q
k0
½
¡(W¯j)Q
j0 ¡(¯j0)
¢
Q
k0 ¡(Nj0k0+¯j0+¢(j0=j^k0=k))
¡(N¢k0+W¯j+¢(k0=k))
¾
Q
k0
½
¡(W¯j)Q
j0 ¡(¯j0)
¢
Q
k0 ¡(Nj0k0+¯j0)
¡(N¢k0+W¯j)
¾
=
Nik + ®k
Ni¢ + T®k
¢ Njk + ¯j
N¢k +W¯j
(2.29)
?????????????? (2.29)??¢()? ()???????????? 1
??????????? 0?????????
?????????????????????????????i??????
?????????????????? tk?????????????????
????????? tk?????????????????? vj???????
?????????????????????????????????????
????
P (zi0 = tkjw; z; ®; ¯) = Nik + ®k
Ni¢ + T®k
(2.30)
???????????????????????????????
P (wi0 = vjjzi0 = tk;w; z; ®; ¯) = Njk + ¯j
N¢k +W¯j
(2.31)
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2.4. Gibbs Sampling ? 2 ? ??
????????????P (zi0 = tkjw; z; ®; ¯)?P (wi0 = vjjzi0 = tk;w; z; ®; ¯)?
????????????????? µ?Á???????
????????????????????????????????????
?????????????????????????????????????
???????????????????????????i?????? l??
??????????????????? tk??????????????? vj
?????????????
?????? (2.29)?????
P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)
=
Nik ¡ 1 + ¢ (k 6= k0) + ®k
Ni¢ ¡ 1 + T®k ¢
Njk ¡ 1 + ¢ (k 6= k0) + ¯j
N¢k ¡ 1 + ¢ (k 6= k0) +W¯j (2.32)
??????w¡il??w?? wil????????????z¡il??z?? zil?
??????????????????????????????????? tk0
?????????
Gibbs Sampling?????????????? P (zil = tkjw; z¡il; ®; ¯)???
???????
P (zil = tkjw; z¡il; ®; ¯) = P (zil = tkjwil = vj;w¡il; z¡il; ®; ¯)
=
P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)
P (wil = vjjw¡il; z¡il; ®; ¯)
=
P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯)PK
k0=1 P (zil = tk0 ; wil = vjjw¡il; z¡il; ®; ¯)
(2.33)
???????????????? (2.33)?????? k????????
P (zil = tkjw; z¡il; ®; ¯) / P (zil = tk; wil = vjjw¡il; z¡il; ®; ¯) (2.34)
???????????????????
P (zil = tkjw; z¡il; ®; ¯)
/ Nik ¡ 1 + ¢ (k 6= k
0) + ®k
Ni¢ ¡ 1 + T®k ¢
Njk ¡ 1 + ¢ (k 6= k0) + ¯j
N¢k ¡ 1 + ¢ (k 6= k0) +W¯j (2.35)
??????????
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2.5. ???????????? ? 2 ? ??
Kinect
CCD camera
Microphone
Tactile array sensor
6-DOF arm
(a) (b)
? 2.5: (a) ????????????? (b) ???????
? (2.35)????????????????????????????????
?????????????????????????????????????
????????????????Nik?Njk?N¢k??????????????
?????????????????????????????????????
???????????????????????Gibbs Sampling??????
??????????? (2.30)?? (2.31)??????????????????
?????????? µ?Á??????????????
2.5 ????????????
???????????????? LDA?????????????????
???????? [7]???????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
????? 3????????????????CCD(Charge Coupled Device)?
???????????????????????? (?)?? [25]?3?????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????
??????????????????????????????????(1)
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2.5. ???????????? ? 2 ? ??
(a) (b)
? 2.6: (a) ???????? (b) ???????
?????????????????(2)????????????????(3)?
????????????????????????????? 3???????
?????????????????????????????????????
??????????????? [25]???????????????????
?????????????????????????????????????
?????????????????????????????????????
??????? 3?????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
???????????????????????????????A±ne Scale
Invariant Feature Transform?ASIFT????????????????????
?????????????????????????????????????
???????????????? 2.5(b)????
??????????????????????????? 2.6(a)??????
????? 1?????? 5????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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2.6. Bag of words??? ? 2 ? ??
?????????????????????????????????????
????????????????? 2.6(b)?????????????????
????????
2.6 Bag of words???
?????????LDA????????????????????????
???????????????????????????????? [10]???
?????????????????????????????????????
???Bag of words????????????????????????????
?????????????????????
LDA???? (? 2.4)???????? i?????wi???????????
??? z????????????????? 2.3?????????
P (W;Z; µ; Áj®; ¯) = P (Áj¯)
NY
i=1
P (µij®)P (zijµi)P (wijzi; Á) (2.36)
????????????????????????????????????
????????????????????
2.7 ????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????????Bag of words?
?????????????????????????????????????
????????????????????????? Bag of features????
???
? 2.7?????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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2.7. ???????????????? ? 2 ? ??
Objects  
       
Robot
Vision Info
Audio Info
Haptic Info
Words Info Categories
? 2.7: ???????????
?????????????????????????????????????
??????????????????????????????????
? 2.8????????????????????? LDA?????????
????????wv?wa?wh???????????????????????
???????????? Áv?Áa?Áh????????????????????
????? ¯v?¯a?¯h???????????????????????????
???z????????????? z???????????????????
?? µ??????????? µ???????????®??????????
?????????
? 2.8??????????????????????????????????
??????? z?????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????????? 2.8????????
????????????????????
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2.8. ??????????? ? 2 ? ??
K
? 2.8: ??????? LDA??????????
2.8 ???????????
??????????????????????????????
2.8.1 ????
???????????????????????????????????
?????????????????????????????????????
???????????? (???????????????? 7???????
?)???????????????????????????????????
??????????????????????????????HSV????
H????? S??????????????????????? 128??? SIFT
??? [27]????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????
? 2.9????????????????CCD??????????????
?????????????????CCD??? 3?????????????
???????
??????????????????????????? SIFT??????
?DSIFT????1???????? 300?400???????????????
21
2.8. ??????????? ? 2 ? ??
? 2.9: ??????????? (???CCD?????????????????
CCD???? 3??????????????)
????????? 1????? 10??????? 3000?4000????????
????????????????????????????????????
?????? 100???????? 500???????????????????
???????????????????wv????????????????
?????????????????????????????????????
???????????????????????? 500???????????
????????????????????????? Bag of words?????
??????????????????????????
2.8.2 ????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??0.2[s]?????????????????FFT(Fast Fourier Transform)???
MFCC(Mel-Frequency Cepstrum Coe±cient)????????????????
????????????FFT?MFCC???? 2.10????FFT??????
??? [Hz]?????? [s]??MFCC????????????????????
????? [s]??????????????????????????????
???????????????? 2???????
????????????????????????MFCC????????
?????????????? 13?????????????????????
???????? 3????? 3??????????? 50?????????
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2.8. ??????????? ? 2 ? ??
	
 	

   













? 2.10: (a)???????FFT??? (b)????????FFT??? (c)??
?????MFCC??? (d)????????MFCC??
? 2.11: ???????????? 6?????????
?????????????????????????????????? 50?
??????????????????????????????????Bag of
words??????????????????????????????????
????????????????3.1???????????????????
?????????????????????????????????????
??????????MFCC?????????????????? 0????
?????? 2.11???????????????????? 2.11? 50????
???????????? 6???????????????
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2.8. ??????????? ? 2 ? ??
Tactile array sensor
2 fingers hand
? 2.12: ??????????????????????
 
 
?
?
?
???????
????
???????
(a) (c)(b)
? 2.13: (a)????????? (b)???????????? (c)????? 15
????????
2.8.3 ????
????????????????????? 2.12????????????
??????????????????????????????????????
??????????? 32????????????????????????
?????????????????????????????????????
?????????????????
????????????????????????????????????
????????????????????????????????????
??????? 2.13(a)??????????????????????????
?? 2.13(b)??????? 2.13(b)?????????? [sec]????????
?????????????????????????????????????
?????????????????????????????????????
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2.9. ??????? LDA ? 2 ? ??
?????????????????????????????????????
?????????????????????????????????????
5??????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????
p (t) = atan¡1 (b (t+ c)) + d (2.37)
????p(t)??? t???????????????????????????
??????? 2.13(b)??????????????????????????
?? (a; b; c; d)??? 4????????????????????????a?
????????????????b????????????????????
??????????????????c?????????????d? a??
???????????? 2?????????(a; b)? 2???????????
?????????????????????????1????? 32?? (a; b)
???????????????? 2???????????????? 15??
?????????????????????????? 15?????????
?????????????????????????????????????
? Bag of words?????????????????????????????
?????????????????????????????????????
??????????? [28]????????????????????????
?????????? 2????????? k????????????????
????? 2.13(c)?????????????????
2.9 ???????LDA
???????????????????????????? 2.8???????
??????????, ??????????????????????????
??????????????????????????????????Gibbs
sampling?????????????????????????????????
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2.9. ??????? LDA ? 2 ? ??
??????????????????????????????????EM?
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
Gibbs Sampling?????????????????????????????
???????wv, wa, wh????????????????m?????j?
?????m??????????? i?????????????? zmij ??
????????????????????????
P
¡
zmil = kjWm;Z¡mil; ®; ¯m
¢ / (n¡mijk;j + ®) ¢ n¡mijm;wm;k + ¯m
n¡mijm;k +Wm¯m
(2.38)
????Wm?m?????????????????nm;wm;k;j??j?????
??????m????wm?????????? k?????????????
???????? 2.4?????? (2.27)??????????????????
??????
nk;j =
X
m;wm
nm;wm;k;j (2.39)
nmk =
X
wm;j
nm;wm;k;j (2.40)
????????nk;j? j???????????????? k????????
????nm;k?????????????m????????? k??????
??????????????? (2.38)???????????????????
????????????????Z¡mij??j???????????m? i?
???????????????? zmij ??????????????????
??????Gibbs Sampling????????? 2.3??? 2.4????????
??????????????????? (2.38)??????? j??????m
? i????????????????????????????????????
n¤?????????????????????????????????? µkj?
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2.10. ??????????????? ? 2 ? ??
Ámwmk??????????
µkj =
nk;j + ®
nj +K®
(2.41)
Ámwm;k =
nm;wm;k + ¯
m
nm;k +Wm¯m
(2.42)
????K????????????? (2.41)?? (2.42)?????????2.3
?????? (2.30)??? (2.31)????????????????
2.10 ???????????????
???????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????? 3????????????????
??????????????wvobs,waobs,whobs???????????????
? P (zjwvobs;waobs;whobs)?????????? z???????????????
????????????????
z^ = argmax
z
P (zjwvobs;waobs;whobs)
= argmax
z
Z
P (zjµ)P (µjwvobs;waobs;whobs)dµ (2.43)
?????????????????P (µjwvobs;waobs; whobs)??????????
Áv,Áa,Áh????????Gibbs Sampling?????????®???????
??????????????
2.11 ????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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2.11. ???????? ? 2 ? ??
?????????????????????????????????????
???????????????????????
? 2.8???????????????ww????????????????
BoW??????????????????????????????wvobs?waobs?
whobs????????????????????p(wwjwv;a;hobs )?????????
?????????
p(wwjwv;a;hobs ) =
Z X
z
p(wwjz)p(zjµ)p(µjwv;a;hobs )dµ (2.44)
?????????????????????????????????????
??????????????p(zjµ)?????????????????®??
?????????????????? Áv,Áa,Áh??????????????
?????
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? 3 ?
????
???????????????????????????? 3.1???????
???????????????????? LDA??????????????
?????????????????
3.1 ????
??????????? LDA??????????????????????
????? z??????????????? µ???? C ?????????
?????? µCz ????????m?????????????????? ¯mzC
?????? ®; ®C ; Ám?????????????????????????
µ » Dir(®) (3.1)
µCz » Dir(®C) (3.2)
¯mzC » Dir(Ám) (3.3)
???? i?????wmi ???????????????????
1. ?????? z? µ???????????????????
z » Mult(µ) (3.4)
2. ????????? zC ? µCz ???????????????????
zC » Mult(µCz ) (3.5)
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3.2. ??????? ? 3 ? ????
C C C
J N
K
KC
m m m
? 3.1: ?? LDA
Nk
? 3.2: ??????????
3. ??C???wmi ? ¯mzC ???????????????????
wmi » Mult(¯mzC ) (3.6)
3.2 ???????
??????????? 3.1????????????????? 3.2????
?????????????????????????????????????
? ®??????????? µ????????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)?
???
?????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)????k?????????????
P (Xkjµk) = Mult(Xkjµk)
=
NkY
n
dY
i
µxniki
=
dY
i
µ
PNk
n xni
ki (3.7)
µk?????????? ®k??????????????????? i????
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3.2. ??????? ? 3 ? ????
? d????????
P (µkj®0) = Dir(µkj®0)
=
1
Z(®0)
dY
i
µ®0i¡1ki (3.8)
???????Z(®0)??
Z(®0) =
Qd
i ¡®0i
¡(
Pd
i ®0i)
(3.9)
????????????????????????????????? µ???
?????
P (Xkj®0) =
Z
P (Xkjµk)P (µkj®0) dµk
=
1
Z(®0)
Z dY
i
µ
®0i+
PN
n xni¡1
ki dµk
=
Z(®0 +
PN
n xn)
Z(®0)
Z
1
Z(®0 +
PN
n xn)
dY
i
µ®k¡1ki dµk (3.10)
???.?????? ®k = ®0 +
PN
n xn??????? 3.10?????
P (Xkj®k) = Z(®k)
Z(®0)
Z
1
Z(®k)
dY
i
µ
(®0i+
PN
n xni)¡1
ki dµk (3.11)
????
?????? k???????????Xk = (x1;x2; ¢ ¢ ¢ ;xn)???????
??? x0??????????????
P (x0jXk; ®0) = P (x
0; zXk)
P (Xk)
=
Z (®k + x
0)
P (®k)
=
Qd
i ¡(®ki + x
0
i)
¡
³Pd
i (®ki + x
0
i)
´ ¡(Pdi ®ki)Qd
i ¡(®ki)
(3.12)
????????x????????? 1???????????????????
x0i=j = 1, x
0
i 6=j = 0????????? 3.12??
P (x0jXk; ®0) = ¡(
P
i ®ki)
¡ (
P
i ®ki + 1)
¡(®kj + 1)
¡(®kj)
(3.13)
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3.2. ??????? ? 3 ? ????
????????????????????????? x¡(x) = ¡(x+ 1)???
P (x0jXk; ®0) = ®kjP
i ®ki
(3.14)
??????????? k????X????i???? 1??????????
?Nki????Nk =
Pd
i Ni?????®ki = ®0i +Nki??????
P (x0jXk; ®0) = ®0j +NkjP
i (®0i +Nki)
=
®0j +NkjP
i ®0i +Nk
(3.15)
???????????????®00 = ®01 = ¢ ¢ ¢ == ®0d?????
P (x0jXk; ®0) = ®0 +Nkj
d ¢ ®0i +Nk (3.16)
??????????????????????????
?????????????????????????? 3.1??? LDA??
???????????????????????????®?????????
????? µ??????????????????? ¯???????????
????? Á???????????????????????????????
???????????????????????? LDA??????????
??????????? (3.16)??????
P (zj®;z) = ®+NDz
K®+ND
(3.17)
?????????D????? z??????????NDz???,?????
?K,????ND???.
???????? zC ????????????,
P
¡
zC jz; ®C ;z¢ = ®C +NzzC
KC®C +Nz
(3.18)
???. ??,???®C??????????????????????????
?wm????? z???????????Nz?????wm??????? z?
?????? zC???????????NzzC ???. ???,?????? zC?
????????wm??????
P
¡
wmjzC ; Ám; z;wm¢ = Ám +NzCwm
WmÁm +Nz
(3.19)
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3.3. ????????? LDA ? 3 ? ????
??
h
h
h
p
p
p
M
M
M
O
O
O
wO
wO
wO
wM
wM
wM
c
c
c
P
P
P
wP
wP
wP
U
U
U
wU
wU
wU
s
s
s
y
y
y
????????
????????
?? ?? ??
w
w
w
??
? 3.3: ?????? LDA??????????
?????????wm????? zC???????????NzCwm?????
Wm????? zC ??????????????NzC ????
? (3.17)?(3.18), (3.19)3??????z,zC ,wm???????????
P
¡
z; zC ; wmj®; ®C ; Ám; z;zC ;wm¢ = ®+NDz
K®+ND
®C +NzzC
KC®C +Nz
Ám +NzCwm
WmÁm +NCz
(3.20)
????????? LDA?????????
3.3 ?????????LDA
???????????????????LDA????????????? 3.3
??????????????????????????????? z?????
???????????????????????????zO; zM ; zP ; zU ???
????????????????????????ww??????? z???
???????????????????????? zO???????????
?wv???wa???wh?????wwO?????????????? zM ??
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3.3. ????????? LDA ? 3 ? ????
??wp?????wwM ??????????????? zP ??????? zc?
????wwP ?????????? zU ????ws???wy?????wwU ?
??????
??????????????????? z???C 2 fO;M;P; Ug?????
zC???????????????????????m 2 fv; a; h; wO; p; wM; c;
wP; s; y; wU; wg ??????wm?????????????????????
??????????????????????????wc?????????
? Ác??????????????????? ¯c??????????????
??????????????? z,zC??????????????? ®?®C?
??????????????????????? µ?µC???????????
??????????????????????????????? (3.20)???
??????????Gibbs Sampling????????
P (zjmi; z
C
jmijZ¡jmi;ZC¡jmi;Wm) /
P (zjmijZ¡jmi)P (zCjmijzjmi;Z¡jmi;ZC¡jmi)P (wmji jzCjmi;ZC¡jmi;Wm¡ji) (3.21)
???????????????????????
P (zjmi = kjZ¡jmi) =
®+N¡jmij;z=k
K® +Nj
¡jmi ; (3.22)
P (zCjmi = ljzjmi = k;Z¡jmi;ZC¡jmi) =
®C +N¡jmi
z=k;zC=l
KC®C +N¡jmiz=k
; (3.23)
P (wmji = xjzCjmi = k;ZC¡jmi;Wm¡ji) =
Ám +N¡jmi
zC=k;wm=x;m
WmÁm +N¡jmi
zC=k;m
; (3.24)
????Z;ZC??????????????????????????????
????????????Wm??????m??????????????Njz?
?? j?????????????? z??????????????NzCwm???
???m????wm??????? zC?????????????????Nz;zC
??????? z??????? zC??????????????K;KC ;Wm?
??????????????????? C????????????m???
????????????????????????????¡jmi? j????
???????m? i???????????????????
34
3.3. ????????? LDA ? 3 ? ????
??????????????? z; zC??????????????????
?????????????????????????????????????
????????????????????????????????????
????????? 3.3???????????? zC????????MLDA?
???????????????? ¯m???????????????????
zC 2 fzO; zM ; zP ; zUg????????????????
zCjmi » P (zCjmijwmji ;Wm¡ij;ZC¡jmi;Z¡jmi)
/
X
z
P (zjZ¡jmi)P (zCjmijZ¡jmi;ZC¡jmi; z)
£ P (wmji jWm¡ji;ZC¡jmi; zCjmi): (3.25)
???????????????????????? (3.24)??????????
(3.24)??????????? z??????? zC ??????????
zjmi » P (zjmijwmji ;Wm¡ij;ZC¡jmi;Z¡jmi)
/
X
zC
P (zjmijZ¡jmi)P (zC jZ¡jmi;ZC¡jmi; zjmi)
P (wmji jWm¡ji;ZC¡jmi; zC): (3.26)
?????????? zC?????????????????????????
????Algorithm1? Algorithm2?????????????????????
?????????????????????????????????????
??N¤???????????K?????????????????????
?????????? ^¯mwmzC?µ^CzzC?µ^jz??????????
^¯m
wmzC =
NzCwmm + Á
m
NzCm +WmÁm
; µ^CzzC =
NzzCm + ®
C
Nzm +K®C
; µ^jz =
Njz + ®
Nj +K®
; (3.27)
????Wm??????m????????NzCwmm??????m?wm??
????? zC ??????????????
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3.3. ????????? LDA ? 3 ? ????
Algorithm 1 Multi-layered MLDA (bottom-layer)
1: for all i; j; C;m do
2: uÃ draw from Uniform [0,1]
3: for k Ã 1 to KC do
4: P [k]Ã P [k ¡ 1]+
5: P (zCjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
6: end for
7: for k Ã 1 to KC do
8: if u < P [k]=P [KC ] then
9: zCjmi = k, break
10: end if
11: end for
12: end for
Algorithm 2 Multi-layered MLDA (whole layer)
1: for all i; j; C;m do
2: for k Ã 1 to K do
3: P [k]Ã P [k ¡ 1]+
4: P (zjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
5: end for
6: uÃ draw from Uniform [0,1]
7: for k Ã 1 to K do
8: if u < P [k]=P [K] then
9: zjmi = k, break
10: end if
11: end for
12: for k Ã 1 to KC do
13: P [k]Ã P [k ¡ 1]+
14: P (zCjmi = kjwmji ;Wm¡ji;ZC¡jmi;Z¡jmi)
15: end for
16: uÃ draw from Uniform [0,1]
17: for k Ã 1 to KC do
18: if u < P [k]=P [KC ] then
19: zCjmi = k, break
20: end if
21: end for
22: end for
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3.4. ???????? ? 3 ? ????
3.4 ????????
????????????????????????????????????
?????????????wm?????????????????? z^???
???? z^C 2 fz^O; z^M ; z^P ; z^Ug????????????
z^C = argmax
zC
X
z
X
z ¹C
P (z)P (zCjz)P (zC jwmC ) (3.28)
z^ = argmax
z
X
zC
P (z)P (zCjz)P (zC jwmC ) (3.29)
???z ¹C ? zC ?????????????zC???????????????
?????
??????????MLDA???????????? 2.11????????
?????????????????????????????????????
?????????????????????????????????BoW?
????????????mMLDA?????????????????????
????????????????????????????
P (wwjwv;a;hobs ) =
Z X
z
p(wwjz)p(zjµ)p(µjwv;a;hobs )dµ (3.30)
3.5 ???????????LDA
???????????????????????????????MLDA?
????????????????????????ww???wm??????
???????? zO?zM?zP?zU?ww?????MLDA??????????
????????????????????MLDA?????????????
??????????????????????????????????? 3.4
? mMLDA????????? 5??MLDA???????????????
????????????????????? zC 2 fzO; zM ; zP ; zUg?????
MLDA??????????? z?????????MLDA?????????
????????????????????? MLDA?????????zC
????? P
¡
zC j wmC¢?????????????????????????
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3.5. ??????????? LDA ? 3 ? ????
??
h
h
h
p
p
p
M
M
M
O
O
O
wO
wO
wO
wM
wM
wM
c
c
c
P
P
P
wP
wP
wP
U
U
U
wU
wU
wU
s
s
s
y
y
y
????????
????????
?? ?? ??
w ww ??
O
M
P
U ww
ww
ww
ww
? 3.4: ??????????? LDA
MLDA???????? zC?????? 2.4????w???????????
?????????????????????????????????? z?
?????????? z??????????????????????????
????z?????? zC????????????????? zC??????
???????
????????????????????????????????????
?????????????wm??????????????????????
?????????
1. ?????????????????????
z^O » P ¡zO j wv;wa;wh¢ (3.31)
2. ???????????????????? z^O????????????
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3.6. ???????????? ? 3 ? ????
?????????
P (z^M jz^O) =
Z X
z
P (z^M jz)P (zjµ)P (µjz^O)dµ
(3.32)
????z^M ? z^P?z^U ????????????????????????
?????
???????????????????mMLDA????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???mMLDA??????????????????????????????
?????????????????????????????????????
????????????????mMLDA????????????????
??????????
3.6 ????????????
????????????????????????????????????
????????????????????????????????????
?????mMLDA???????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????
3.6.1 ?????????????
????????????????????????????????????
???????? 3.3???????????????????????????
?????????????????????????????????????
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3.7. ???? ? 3 ? ????
?????????????????????????????????????
??????????????ww??? i 2f????????????????
???????? g????? k??????????????????
I(ww; kji) =
X
K2(k;¹k)
X
W2(ww; ¹ww)
P (W;Kji) log P (W;Kji)
P (W ji)P (Kji) (3.33)
???¹k? k??????????? ¹ww? ww???????????????
?????????????????????????????????????
?????????????????????????????????????
??????????
??????????????????????????????? 3.33??
?????????????????????????????????????
weight(i; ww)????????????
weight(i; ww) = max
k
I(ww; kji) (3.34)
p^i(w
wjwmobs) = weight(i; ww)pi(wwjwmobs) (3.35)
???????????????????????? i????? pi(wwjwmobs)?
?????????????????????????????????????
???????
3.7 ????
???????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???
????? ?????????????????
????? ????????????????????????????
????? ?????????????????
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3.7. ???? ? 3 ? ????
Algorithm 3 Sentence Generation
1: iÃ 1; C0 = \BOS 00
2: for i do
3: Ci Ã draw from P (CijCi¡1)
4: if Ci = \EOS
00 then
5: break
6: end if
7: wi = argmaxww P (w
wjwm; Ci)
8: iÃ i+ 1
9: end for
?????????????????????????????????????
?????????????????????????????????????
????
1. ??????????????????????????????????
?????
2. ???????????????????
3. ???????????????????????????????
4. ??????????????????
???\?"? \?"?????????????????
????????????????????????????????????
?????????????????????????????????????
??????
P (CijCi¡1) = NCi¡1;Ci
N
(3.36)
???Ci????? i???????????????????NCi¡1Ci?N ??
???Ci¡1??Ci????????????????????????????
?????????Algorithm3?????????????wi?????? i?
????????
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? 4 ?
??
????????????????????????2?????????mMLDA
?????????????????????????????????????
???????????????????????????????
4.1 ????
4.1.1 ?????????
?????? 4.1?????????????? 132????????????
????????????????????????????????????
????????? 4.1??????????????????????????
????????????????????????OKAO Vision??????
???????????????????????????? 4.3???????
?????????????????????????????????????
??? 4.4????????????????????????????????
????????? 6???????????????????????????
??Kinect???????????????????????????? 4.2??
???????????Kinect??????????????????
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4.1. ???? ? 4 ? ??
Category 2
Plushie
Category 1
Rattle
Category 3
Flooring Cleaner
Category 4
Sponge
Category 5
Scrubbing Brush
Category 7
Hand Cream
Category 6
Deodorizer
Category 8
Dehumidifier
Category 9
Shampoo
Category 10
Tissue
Category 11
Plastic Wrap
Category 12
Silverware
Category 13
Plastic Bowl
Category 14
Dressing
Category 15
Honey
Category 16
Sauce
Category 17
Drinks (Can)
Category 18
Dressing
Category 20
Cookies
Category 21
Noodle
Category 22
Snack (Plastic)
Category 23
Spray Can
Category 24
Watering Can
Category 25
Plastic Cup
Category 26
Shovel
Category 27
Vegetable
Category 28
Toy Car
Category 29
Maracas
Category 30
Shoes
Category 31
Ball
Category 32
Wooden Block
Category 19
Snack (Tube)
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? 4.2: ????????????? (?) Kinect??? (?) ?????????
?????????
4.1.2 ????
???????? 4.1?????????????5????????????
?????????????????????????????????????
????????BoW??????????????????????????
???? 4.2????????????
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4.2. ???? ? 4 ? ??
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? 4.3: ???????
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? 4.4: ???????
4.2 ????
4.2.1 ???????
LDA???????????????????????????????LDA
?????????????????????mMLDA?LDA????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????
???????????????????????????????????
??????? (Multimodal Hierarchical Dirichlet Process: MHDP) [24] ???
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4.2. ???? ? 4 ? ??
? 4.1: ??????????????????????????????? ID?
?? ?? ?? ?? ?? ?? ?? ??
????? (1) ?? (13) ????? (4) ?? (1,2,3,4) ?? (8) ????? (2) ???? (2) ???? (3)
??????(17) ????? (9) ??? (32) ?? (3,4)
??????? (21) ?? (10) ??? (7) ???? (1)
????????? (25) ??? (8)
????? (23) ? (5) ?? (2,4) ??? (32) ?? (3,4)
????? (2) ????? (2) ???? (2) ?? (3,4) ????????? (25) ????? (4)
???? (29) ???? (11) ??????? (6) ???? (2) ?? (1,3)
??? (31) ???? (12) ?????? (10) ?? (1,2,3,4)
???? (3) ????? (12) ????? (4) ?? (1,2,3,4) ???? (20)
??????(17) ?????????? (3) ????? (4) ???? (1)
?????? (18) ?????? (13) ??????(27) ???? (3)
????????? (25) ?????? (14) ?????? (14) ????? (4) ?? (1,2,3,4)
?? (13) ?? (15)
??????(27) ??? (16)
??????? (21) ????? (15) ????? (9) ?? (6) ?? (1,2)
???? (19) ???? (2) ???? (24) ? (5) ???? (2)
?????? (4) ?????(28) ??????(17) ????? (4) ?? (1,2,3,4)
?????????? (3) ????? (4) ???? (1) ?????? (18)
???? (5) ???? (4) ???? (3) ?? (16) ??? (11) ??? (1)
??? (5) ?? (17) ????? (23) ? (5) ???? (2)
????? (6) ???? (1) ???? (2) ?? (3,4) ?? (18) ? (30) ?? (1) ?? (1,2,3,4)
???? (29) ????? (19) ???? (19) ???? (2)
?????? (14) ????? (4) ?? (1,2,3,4)
??? (16)
??????(17)
?????? (18)
????? (23) ? (5) ???? (2)
??? (7) ???? (26)
??????????????????MHDP???????????????
???????? 4.5???????????????????????????
?? 32?19?6?4????????????????????????????
??????????????????
???????????MHDP?????????????????????
??????????????MLDA?MHDP??????????????
??????????MHDP???????????????????????
?????????????????????????????MHDP????
??? 100????100???????????? 4.5? 100?????????
45
4.2. ???? ? 4 ? ??
? 4.2: ??????
????
??????????????????????????????
?????????????????????????????
??????????????????????????
??????????????????????????????????
?????????????????????????
0 10 20 30 40
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eq
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nc
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Object
Motion
Place
Person
? 4.5: MHDP??????????????????
?????????????????????????????????????
?????????????????????????????????????
????????? 30?????????????????????
???????????????? 30??????????????????
????? 32?19?6?4????mMLDA??????????????????
???????????
46
4.2. ???? ? 4 ? ??
O
b
je
ct
 i
n
d
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Category index
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? 4.6: ????????(a)???(b)mMLDA?(c)?????
4.2.2 ????
????????????????????????????????????
????? 4.6??????????????????????????????
?????????????? 4.6(a)???????????????????
???????????????? 4.6(b)????? (mMLDA)???????
????? 4.6(c)?????????????????????????????
4.6(a)??????????????????????
Acc =
100
J
JX
j
±(ccorrect(j); cresult(j)) (4.1)
????J ??????ccorrect(j)?cresult(j)????? j???????????
?????????????????? ID????±(a; b)??a = b?? 1???
??? 0?????????????????????mMLDA?? 74.24%??
?????? 65.15%????????????mMLDA???????????
????????
mMLDA??????\??? (?)(17)"?????????????????
????????????????????? 3???????????????
????? \??? (?)(17)"???????????????????????
??????????????????????mMLDA?? \??? (?)(17)"
?????????????????????????????????????
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4.2. ???? ? 4 ? ??
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? 4.7: ????????(a)???(b)mMLDA?(c)?????
????????????
4.2.3 ????
?????????????????????????????????? 4.7
?????????????????????????????????????
??????? 4.7(a)???????????????????????????
??????????????? 4.7(b)?mMLDA????????? 4.7(c)??
???????????????????? (? 4.7(a))???????mMLDA(?
4.7(b))?????? 81.06%????????? (? 4.7(c))?????? 75.00%?
????
mMLDA???????????????????????\?????? (14)"
???????????????mMLDA?????????????????
????????????????????????? 2???????????
????\???????? (15)"???????????????????2??
???????????????????????????mMLDA?? 2???
???????????????????????????mMLDA?????
?????????????????????????????????????
???
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4.2. ???? ? 4 ? ??
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? 4.8: ??????? (a)??????? (b)mMLDA (c)?????
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? 4.9: ??????? (a)??????? (b)mMLDA (c)?????
4.2.4 ????
??????? 4.8????????????????????????????
????????????????????? 4.8?mMLDA?????????
? 4.8?????????????????????? (? 4.7(a))???????
mMLDA(? 4.7(b))?????? (? 4.7(c))???????? 96.97%??????
????????????????????????????????????
????????????????????????????????????
???
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4.2. ???? ? 4 ? ??
4.2.5 ????
???mMLDA?????????????????????????? 4.9(a)?
? 4.9(b)??? 4.9(c)??????????????mMLDA?????????
???????????????????? 4.9???????????????
??????????????????? 75.75%? 71.21%??????????
??????????mMLDA??????????????????????
??????mMLDA???????????????
4.2.6 ????
4.2.6.1 ?????????
mMLDA???????????????????????????????
????????????????????????????????????
4.3???????????????????????????????????
??????????????? 21?????? \???? (3)"???? \??
? (?)(17)"??\?????? (18)"?\????????? (25)"?? 1????
?????????????\?????"??????????????????
???????? 25?? \???? (3)"?????\?? (13)"?\???????
(21)"?\??????(27)"???????????????????? \????
??"????????????????????? 9? 22???\??????
(4)"????????????????????????1?? \? (??)(28)"?
????????? \?????????? (3)"???????????????
???????? \?????????"???????\???????????
?????"???????????????????????????????
???????????????????????????????
??????? 3?8? 19???\????? (16)"?????????????
??????????????????? 3???\? (5)"? \???? (24)"?
????\??????"???????????????????? 8???\?
? (6)"? \????? (9)"????????? 19???\????? (4)"?\??
???? (18)"? \??????(17)"???????????????
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4.2. ???? ? 4 ? ??
? 4.3: mMLDA?????????????
No ?? ?? ?? ?? No ?? ?? ?? ??
1 ????? ????? ? ???? 18 ?????? ?????? ????? ??
?? ???
2 ????? ????? ???? ?? ??
??? 19 ????? ?????? ????? ??
3 ????? ???? ? ???? ??????
4 ????? ???? ???? ?? 20 ???? ????? ????? ??
5 ???? ?????? ???? ?? 21 ???? ?????? ????? ??
???? ??????
6 ???? ??????? ???? ???? ??????
7 ???? ???? ???? ???? ???
??? 22 ?????? ????? ???? ??
8 ????? ????? ?? ?? 23 ????? ??? ???? ??
9 ?????? ?????????? ????? ???? ??
10 ???? ?????????? ????? ???? 24 ?? ????? ???? ??
11 ????? ???? ???? ?? 25 ???? ??????? ????? ??
????? ??????
12 ?? ? ?? ?? ??
13 ??? ???? ???? ??
14 ?? ??? ????? ???? 26 ???? ???? ???? ??
15 ????? ?? ????? ?? 27 ?? ??? ???? ????
??????? ???
????????? 28 ????? ?????? ????? ??
?????? ???
????? ? ??????
16 ?? ??????? ????? ?? 29 ??? ???? ? ????
17 ???? ??????? ???? ??? 30 ?????? ?????? ???? ????
??????? 23?????? 2?????\????? (9)"? \?? (10)"??
???????????????????????????????\?????
?"???????????????????????????????????
????????????????????????
4.2.6.2 ??????????
???????????????????????????????????
??????????????????mMLDA??????????????
?????????????????????????????????????
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4.2. ???? ? 4 ? ??
???????????????????? zO??????? zM???????
zP???????? zU ????????????P (zO; zM ; zP ; zU)??????
??????????????? P^ (zO; zM ; zP ; zU)??? 4.1?????????
?????????????????????????
P^ (zO; zM ; zP ; zU) =
NzO;zM ;zP ;zU
N
(4.2)
????NzO;zM ;zP ;zU ?????????????? zO??????? zM???
???? zP???????? zU ?????????????? 4.1??????
?????????N ??????????????mMLDA????????
????????? P (zO; zM ; zP ; zU)???????????????
P (zO; zM ; zP ; zU) =
X
z
P (zOjz)P (zM jz)P (zP jz)P (zU jz)P (zj®) (4.3)
????????????? ??????? P^ (zO; zM)???????????
???????????????Kullback-Leibler(KL)???????
DKL
³
P (zO; zM ; zP ; zU)kP^ (zO; zM ; zP ; zU)
´
= (4.4)X
zO
X
zM
X
zP
X
zU
P (zO; zM ; zP ; zU) log
P (zO; zM ; zP ; zU)
P^ (zO; zM ; zP ; zU)
KL??? 2???????????????????????????????
??????????????????????????mMLDA??????
??KL????????????? 11:34? 8:53????mMLDA??????
????????????????????mMLDA?????????????
??????????????????????????
?????????????????????????MHDP???????
?? 30?????????????????????????????????
??????????????KL?????????????????????
????????????????????mMLDA????????????
???????????????? P (zO; zM ; zP ; zU)????????????
?? P^ (zO; zM ; zP ; zU)??KL?????????????? 4.10??????
??????????????KL?????????????????????
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4.3. ?????????? ? 4 ? ??
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? 4.10: ??????????????????????KL??
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????????????????????????????KL???????
???????????????????????????KL????????
?????????????????????????????????????
?????????? 4.10??????????? 30?40??????????
???????MHDP????????????? 30???????????
4.3 ??????????
????????????????????????????????????
???????????? 4??????????????
1. ??????????????????????????????
2. ??????????????????????????
3. ??????????????????????????
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4.3. ?????????? ? 4 ? ??
? 4.4: ?????????
No ?? ?? ?? ?? No ?? ?? ?? ??
1 ????? ???? ???? ??? 16 ????? ?????? ????? ???
2 ????? ????? ???? ??? 17 ???? ?????? ????? ????
3 ?????? ?????????? ????? ???? 18 ???? ???? ???? ???
4 ???? ???? ???? ???? 19 ????? ??????? ????? ????
5 ???? ??? ???? ???? 20 ??? ???? ???? ????
6 ???? ??????? ???? ???? 21 ????? ????? ???? ???
7 ??????? ??? ???? ???? 22 ????? ???? ? ????
8 ??????? ??? ???? ???? 23 ????? ????????? ????? ????
9 ????? ????? ?? ???? 24 ??? ???? ? ????
10 ???? ?????? ???? ???? 25 ???? ?????? ????? ???
11 ?? ??? ????? ???? 26 ?????? ????? ???? ???
12 ????? ?? ????? ???? 27 ????? ???? ???? ???
13 ????? ?????? ????? ???? 28 ?? ? ?? ????
14 ?????? ?? ????? ??? 29 ????? ??? ???? ???
15 ????? ??? ????? ??? 30 ????? ??? ???? ???
? 4.5: ??????????
?????? mMLDA ?????
?? ?? ?? ?? ?? ?? ?? ??
?????? - 76.67% 80.00% 73.33% - 66.67% 70.00% 70.00%
?? 86.67% - 80.00% 90.00% 76.67% - 73.33% 80.00%
?? 76.67% 76.67% - 100% 70.00% 76.67% - 90.00%
????? 80.00% 83.33% 86.67% - 76.67% 73.33% 80.00% -
4. ?????????????????????????????
???????? 4.4????????????????????mMLDA??
???????????????????????????????? 4.1???
????????????????????????????????????
????????? `??? (?)(17)"?????? 4.6????????????
???? 4.5?mMLDA??????????????????????????
?????mMLDA????????????????????????????
??????????????
54
4.3. ?????????? ? 4 ? ??
? 4.6: ?????????????????????????????????
???????
?? ?? ?? ??
????? (1) ??????(17) ????? (4) ??? (3)
???? (3) ??????(17) ????? (4) ???? (2)
???? (3) ??????(17) ????? (4) ??? (3)
????? (6) ??????(17) ????? (4) ???? (1)
????? (6) ??????(17) ????? (4) ???? (2)
????? (15) ??????(17) ????? (4) ??? (3)
????? (15) ??????(17) ????? (4) ??? (4)
??????????????????????? 4.1???????????
????????????????????????????????????
??????????????? (wv;wa;wh)???????? zM??????
? zP ??????? zU ????????? 4.11??\??? (?)(17)"????
????????????????????????????????????
P (zM jwv;wa;wh)?P (zP jwv;wa;wh)? P (zU jwv;wa;wh)????
mMLDA??????????????? (? 4.11(a))?????? \?????
(1)"? \???? (3)"???????????????????????????
???????? (? 4.11(d))???\?????? (14)"???????????
????????????????????????????? \??? (?)(17)"
? \?????? (14)"????????????????????\??????
(14)"????? \?????? (14)"????????????????????
?????????????????????????????????????
????????????????????????
???mMLDA??????????????? (? 4.11(b))?????? \?
???? (4)"????????????????????????? (? 4.11(e))
?????? \???? (3)"????????????????????????
???????????? 4.6???????????????????????
?????mMLDA??????????? (? 4.11(c)?? 4.11(f))??????
55
4.4. ???????????? ? 4 ? ??
(a) (b)
0 5 10 15 20
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
Category Index
P
ro
b
a
b
ili
ty
1 2 3 4 5 6
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
Category Index
P
ro
b
a
b
ili
ty
1 2 3 4
0
0.1
0.2
0.3
0.4
0.5
Category Index
P
ro
b
a
b
ili
ty
(c)
0 5 10 15 20
0
0.1
0.2
0.3
0.4
Category Index
P
ro
b
a
b
ili
ty
1 2 3 4 5 6
0
0.2
0.4
0.6
0.8
1
Category Index
P
ro
b
a
b
ili
ty
1 2 3 4
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
Category Index
P
ro
b
a
b
ili
ty
(d) (e) (f)
? 4.11: \??????(17)"??mMLDA?????????????????
????????a?mMLDA???????? b?mMLDA???????? c?
mMLDA???????? d?????????????? e?????????
????? f?????????????
?????????????
???????????????mMLDA???????????????
4.4 ????????????
???????????????????????????????????4.12
?????? 4.12?????????????????????????4.12(a)?
???????????????????????????? 4.12(b)?mMLDA
?????????????????????????????????????
???????????? 4.7???????????????????????
?????????????????????????????????????
??? 68.75%????????????????????????? 4.8???
?????????????????????????????????????
??????????? 4.8?????????????????????????
56
4.5. ???????????? ? 4 ? ??
Concept Index
W
o
rd
 I
n
d
e
x
1 2 3 4 5
20
40
60
80
100
120
140
Concept Index
W
o
rd
 I
n
d
e
x
1 2 3 4 5
20
40
60
80
100
120
140
Concept Index
W
o
rd
 I
n
d
e
x
1 2 3 4 5
20
40
60
80
100
120
140
? 4.12: ???????
? 4.7: ?????????????
?? ?? ?? ?? ??
???? ??? ???? ??? ??
???? ?? ????? ??? ??
??? ?? ???? ? ???
?????? ??? ?? ? ??
????? ??? ? ??
?????????????????????????????
4.5 ????????????
????????????????????????????????????
????? \?????"??????????? 4.13????? 4.13(a)? \??
???"?????????????????????????????????
?? \????"?????????????????????????????
?????????????????????????????? 4.13(b)????
????????????????? \?????"?????????????
???????????\?????"?????????????????\?"
?????????????????????????????????????
57
4.5. ???????????? ? 4 ? ??
? 4.8: ???????????????
? ?? ?? ?? ?? ?? ???
??? 91 48 6 4 32 181
??? 78.78% 53.33% 100% 100% 56.52% 68.75%
P
ro
b
ab
il
it
y
(a) (b)
??
??
??
??
?
??
? ? ?? ?
?
??
??
???? ?
?
?
?
?
???????
?
???
???
???
??
??
??
??
?
??
? ? ?? ?
?
??
??
?? ?? ?
? 4.13: \?????"????????(a)????????(b)???????
??????????????
??????\????"? \?"??????????????????????
?????????????????????????????????
???????????????????????????\?????"??
?????????????????? 4.14?????? 4.14(a)?? \????
?"?????????????????????? 4.14(b)?????????
??????????????????????????????????\??
???"? \??"??????????????????????????\??
???"?????????????????????????????????
?????????????????????????????????????
??????\?????"??????????????????? \??"? 2
????????????????????????\????"???????
??????????\?????"?????????????????????
??????????????????????????????\?"? \??"
58
4.5. ???????????? ? 4 ? ??
P
ro
b
ab
il
it
y
(a) (b)
??
??
?
??
??
? ????
?
??
??
?? ? ?
??
?
??
??
??
?
?
????
???
????
?
???
?
???
???????
??
??
?
??
??
? ?? ??
?
??
??
?? ? ?
??
?
??
??
??
?
? 4.14: \?????"????????(a)????????(b)???????
??????????????
P
ro
b
ab
il
it
y
(a) (b)
?
??
????
? ? ??
??
??
?
??
? ?? ??
??
??
??
????
???
????
?
???
?
???
?
??? ????
??
?
??
????
? ? ??
??
??
?
??
? ?? ??
??
??
?
? 4.15: \????"????????(a)????????(b)????????
?????????????
59
4.5. ???????????? ? 4 ? ??
P
ro
b
ab
il
it
y
(a) (b)
? ?
??
??
?
??
? ? ?? ?? ?
? ?? ??
?
????
???
????
?
?
?
?
?
?
?
? ????
??
? ?
??
??
?
??
? ? ?? ?? ?
? ?? ??
? 4.16: \????"????????(a)????????(b)????????
?????????????
? 4.9: ?????????
No ?? ?? ?? ??
1 ??? ????? ? ?
2 ????? ??? ???? ???
3 ??????? ?????? ????? ?
4 ?????? ????? ???? ???
5 ???? ??? ???? ?
?????????????????????????
? 4.15???? \????"???????????????????????
?????????????? (? 4.15(a))??????\?"?????????
?????????????????? (? 4.15(b))?????? \????"?
?????????????????????????????????????
????????????????????????????? (? 4.16)?
60
4.6. ?????????? ? 4 ? ??
? 4.10: ??????????
No ???????
1 f ?????????????????????? g
2 f ???????????? g
3 f ????????????????????????g
4 f ????????????????? g
5 f ????????????? g
4.6 ??????????
????????????????????????? 660?????????
???????? 4.9??????????????????
????????? 4.10?????????????????????????
????????????????????????????????? 4.10? 1
??????????????????? \?????"? \????"? \?"?
?????????????????????????????????????
?????????????????????????????????????
?????????????????2??? 3???????????????
???????????? 4.13(b)???????????????????\??
???"????????????????????2???????? \???
?"????????????? 4.10? 1??????????????????
???????????
61
? 5 ?
??
?????????????????????????????????????
?LDA?????????????????mMLDA????????????
?????????????????????????????????????
?????????????????????????????????????
???mMLDA?????????????????????????????
???????????????????????MHDP??????????
????????????????????????????????
????????????????????????????????????
???????????????mMLDA?????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????
62
??
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
??????????? 3????????????????????????
?????????????????????????????????????
???????????
63
????
[1] R. Fergus, P. Perona, and A. Zisserman, \Object Class Recognition by Unsu-
pervised Scale-Invariant Learning", in Proc. of CVPR 2003, vol.2, pp.264{271,
2003
[2] J. Sivic, B.C. Russell, A.A. Efros, A. Zisserman, and W.T. Freeman, \Dis-
covering Object Categories in Image Collections", in Proc. of ICCV 2005,
pp.370{377, 2005
[3] L. Fei-Fei, \A bayesian hierarchical model for learning natural scene cat-
egories," IEEE Conference on Computer Vision and Pattern Recognition,
pp.524{531, 2005.
[4] C. Wang, D. Blei, and L. Fei-Fei, \Simultaneous image classi¯cation and an-
notation," IEEE Conference on Computer Vision and Pattern Recognition,
vol.0, pp.1903{1910, 2009.
[5] E. Torres-Jara, L. Natale, and P. Fitzpatrick, \Tapping into Touch," Lund
University Cognitive Studies, pp.22{24, 2005
[6] J. Sinapov, and A. Stoytchev, \Object Category Recognition by a Humanoid
Robot Using Behavior-grounded Relational Learning", in Proc. of ICRA 2011,
pp.184{190, 2011
[7] ??,??,??, \??????????????????????????",
???????????D, vol.J92-D, no.10, pp.2507{2518, Oct. 2008
64
???? ????
[8] T. Nakamura, T. Araki, T. Nagai, and N. Iwahashi, \Grounding of Word
Meanings in LDA-Based Multimodal Concepts", Advanced Robotics, 25,
pp.2189-2206, 2011
[9] ??, ??, \????????????????: ???????????
??????????????????????", ???????, Vol.27,
No.6, pp.555-562, Nov.2012
[10] Blei, D. M., Ng, A. Y. and Jordan, M. I., \Latent Dirichlet Allocation",
Journal of Machine Learning Research, pp. 993{1022, 2003.
[11] W. Takano, H. Imagawa, and Y. Nakamura, \Prediction of Human Behaviors
in the Future through Symbolic Inference", in Proc. of ICRA 2011, pp.1970{
1975, 2011
[12] W. Takano, and Y. Nakamura, \Bigram-Based Natural Language Model and
Statistical Motion Symbol Model for Scalable Language of Humanoid Robots",
in Proc. of ICRA 2012, pp.1232{1237, 2012
[13] T. Taniguchi, and S. Nagasaka, \Double Articulation Analyzer for Unseg-
mented Human Motion using Pitman-Yor Language Model and In¯nite Hid-
den Markov Model", in Proc. of SII 2011, pp.250{255, 2011
[14] T. Ogata, S. Nishide, H. Kozima, K. Komatani, and H. Okuno, \Inter-
modality Mapping in Robot with Recurrent Neural Network", Pattern Recog-
nition Letters, vol.31, no.12, pp.1560{1569, 2010
[15] L. Montesano. M. Lopes, A. Bernardino, and J. S.-Victor, \Learning Object
A®ordances: From Sensory-Motor Coordination to Imitation", IEEE Trans.
on Robotics, vol.24, no.1, Feb. 2008
[16] B. Moldovan, P.Moreno, M. Otterlo, J. S.-Victor, and L. D. Raedt, \Learn-
ing Relational A®ordance Models for Robots in Multi-Object Manipulation
Tasks", in Proc. of ICRA 2012, pp.4373{4378, 2012
65
???? ????
[17] A. Gupta, A. Kembhavi, and L. S. Davis, \Observing Human-Object Inter-
actions: Using Spatial and Functional Compatibility for Recognition", IEEE
Trans. on PAMI, vol.31, no.10, pp.1775{1789, Oct. 2009
[18] B. Yao, and L. Fei-Fei, \Recognizing Human-Object Interactions in Still Im-
ages by Modeling the Mutual Context of Objects and Human Poses", IEEE
Trans. on PAMI, vol.34, pp.1691{1703, Sep. 2012
[19] T. Nakamura, K. Sugiura, T. Nagai, N. Iwahashi, T. Toda, H. Okada, and T.
Omori, \Learning Novel Objects for Extended Mobile Manipulation", Journal
of Intelligent and Robotic Systems, vol.30, pp.1{18, 2011
[20] A. Vedaldi, and B. Fulkerson, \Vlfeat: An open and portable library of
computer vision algorithms," ACM International Conference on Multimedia,
pp.1469{1472, 2010
[21] ?????????\???????????????????"??????
??????5V-3?2010
[22] O. Mangin, and P.-Y. Oudeyer, \Learning to Recognize Parallel Combinations
of Human Motion Primitives with Linguistic Descriptions using Non-negative
Matrix Factorization", in Proc. of IROS 2012, pp.3268{3275, 2012
[23] Teh, Y. W., Jordan, M. I., Beal, M. J. and Blei, D. M., \Hierarchical Dirichlet
Processes", Journal of the American Statistical Association, vol.101, 1566{
1581, 2006
[24] ??, ??, ??, ??, \????????????????????????
???????????????", ???????????, Vol.49?No.4,
Apr.2013
[25] M.Attamimi, A.Mizutani, T.Nakamura, T.Nagai, K.Funakoshi, M.Nakano,
\Real-Time 3D Visual Sensor for Robust Object Recognition", in Proc. of
IROS, pp.4560{4565, 2010
66
???? ????
[26] ??????????????, \RRT??????????????????
???????????", ?????????????????1M2-2?2010
[27] D.Lowe, \Distinctive Image Features from Scale-invariant Keypoints", Int. J.
Comput. Vision, vol. 60, no. 2, pp.91{110, 2004
[28] ??????????????, \???????????????????",
??????????, 5V-3, 2010.03
????
(1) M. Fadlil ?, \????????? LDA????????????????
????", ??????????, 2G4-OS-19a-3, 2013
(2) M. Fadlil ?, \HDP-HMM???????????????????", ??
???????????? 3N1-5, Sep.2012
(3) M. Fadlil ?, \????????????????????????????
?????????", ???????????? ??????, Sep.2012 (?
????????)
(4) M. Fadlil ?, \HDP-HMM??????????????"????????
74??????6R-3?Mar.2012
(5) M. Fadlil, et al., \Integrated Concept of Objects and Human Motions Based
on Multi-layered Multimodal LDA", in Proc. IROS2013, Nov. 2012.
(6) M. Fadlil ?, \????????? LDA??????????????", ?
????????????, Sep. 2013.
67
